Muscle Contributions to Frontal and Transverse Plane Whole-Body Angular Momentum by Neptune, Richard R. et al.
University of Dayton
eCommons
Mechanical and Aerospace Engineering Faculty
Publications
Department of Mechanical and Aerospace
Engineering
7-2011
Muscle Contributions to Frontal and Transverse
Plane Whole-Body Angular Momentum
Richard R. Neptune
University of Texas at Austin
Craig P. McGowan
University of Idaho
Allison Kinney
University of Dayton, akinney2@udayton.edu
Follow this and additional works at: http://ecommons.udayton.edu/mee_fac_pub
Part of the Aerodynamics and Fluid Mechanics Commons, Automotive Engineering Commons,
Biomechanics and Biotransport Commons, Electro-Mechanical Systems Commons, and the Energy
Systems Commons
This Conference Paper is brought to you for free and open access by the Department of Mechanical and Aerospace Engineering at eCommons. It has
been accepted for inclusion in Mechanical and Aerospace Engineering Faculty Publications by an authorized administrator of eCommons. For more
information, please contact frice1@udayton.edu, mschlangen1@udayton.edu.
eCommons Citation
Neptune, Richard R.; McGowan, Craig P.; and Kinney, Allison, "Muscle Contributions to Frontal and Transverse Plane Whole-Body
Angular Momentum" (2011). Mechanical and Aerospace Engineering Faculty Publications. Paper 9.
http://ecommons.udayton.edu/mee_fac_pub/9
SUM
A 3
perf
indi
angu
show
near
the 
dom
gast
con
rota
med
mom
ipsi
dev
grou
 
INT
The
to m
prim
forc
gen
abou
dyn
grav
angu
hip 
dors
ank
stan
gen
sole
the 
con
and 
prim
to b
indi
who
are 
imp
mov
 
 
M
MARY 
D musculoske
ormed to id
vidual muscle
lar momentu
ed that trans
ly all muscles
frontal plane 
inated by a 
rocnemius, ad
tributors to po
te the body tow
ius was the 
entum (i.e., 
lateral leg). Th
eloping locom
ps to improve
RODUCTIO
 regulation of 
aintaining dy
ary mechanis
e generation, 
erates ground 
t the body’s
amic stability. 
ity and indiv
lar momentum
and knee ex
iflexors gener
le plantar flexo
ce, the planta
erated angula
us generated p
gastrocnemiu
tributed to the
to a lesser ex
arily by the p
uild upon our 
vidual muscle
le-body angu
responsible 
ortant implica
ement disorde
USCLE CON
1 Department o
2 Dep
em
letal modeling
entify the c
s to frontal and
m during no
verse plane an
 make small c
angular mom
few muscle 
ductor magnus
sitive angular 
ards the cont
primary con
it acted to r
ese results ha
otor therapie
 movement sta
N 
whole-body a
namic balance
m to regulate 
which accele
reaction forces
 center-of-m
We previously
idual muscles 
 and found in
tensors, biart
ated backward
rs generated f
r flexors were
r momentum 
rimarily forw
s generated b
 body’s angul
tent in late st
lantar flexors. 
previous work
s contribute to
lar momentum
for generatin
tions for the
rs.  
TRIBUTION
ANGU
1 Richard R. 
f Mechanical 
artment of Bio
ail: rneptune@
 and simulati
ontributions o
 transverse pl
rmal walking
gular momen
ontributions t
entum was m
groups. The
 and gravity w
momentum (i.
ralateral leg) w
tributor to n
otate the bod
ve important 
s that target 
bility. 
ngular momen
 during huma
angular mome
rates the body
 that alter ang
ass to restore
 analyzed the 
to sagittal pl
 early stance,
icular hamstr
 angular mom
orward mome
 the primary c
in opposite 
ard angular m
ackward mom
ar momentum
ance, which w
The purpose o
 by analyzing 
 frontal and t
. Identifying 
g angular m
 diagnosis an
S TO FRONT
LAR MOMEN
Neptune, 2 Cra
Engineering, T
logical Scienc
mail.utexas.e
on analysis w
f gravity an
ane whole-bod
. The analys
tum is low an
o it. In contras
uch larger an
 vasti, soleu
ere the prima
e., they acted 
hile the gluteu
egative angul
y towards th
implications f
specific musc
tum is essenti
n walking. Th
ntum is musc
 segments an
ular momentu
 and mainta
contributions
ane whole-bod
 the uniarticul
ings and ank
entum while th
ntum [1]. In la
ontributors an
directions. Th
omentum whi
entum. Gravi
 in early stan
as counteracte
f this study w
how gravity an
ransverse plan
which muscl
omentum h
d treatment 
 
AL AND TR
TUM DURI
 
ig P. McGowa
he University
es, University
du, web: www
 
as 
d 
y 
is 
d 
t, 
d 
s, 
ry 
to 
s 
ar 
e 
or 
le 
al 
e 
le 
d 
m 
in 
of 
y 
ar 
le 
e 
te 
d 
e 
le 
ty 
ce 
d 
as 
d 
e 
es 
as 
of 
METH
The 3D
SIMM
consist
pelvis,
thigh, 
freedom
sagitta
The m
using 
using 
distribu
 
The m
actuato
groups
anatom
togethe
by pas
and te
dynam
differe
 
A walk
using 
excitat
differe
measur
 
Exper
Kinem
collect
at 1.2 m
Bilater
soleus,
bicep 
medius
Instrum
at 200
kinema
respect
demea
were p
 
 
ANSVERSE P
NG WALKIN
n and 1Allison
 of Texas at A
 of Idaho, Mos
.me.utexas.ed
ODS 
 bipedal mus
/Dynamics P
ed of ten rigid
 and right and
shank, foot a
 that fully ch
l, frontal and 
odel’s dynam
SD/FAST (PT
31 visco-ela
ted along the 
odel was d
rs for each l
 for the ana
ical and bi
r). Muscle fo
sive force-len
ndon force-l
ics were m
ntial equation
ing simulatio
dynamic opt
ion patterns 
nce between
ed walking da
imental Data
atic, ground re
ed from 14 he
/s on a split-b
al EMG data 
 medial gastro
femoris long
 using a 
ents). Force,
0 Hz, 2000 H
tic data wer
ively. EMG 
ned, rectified 
rocessed using
LANE WHO
G 
 L. Hall 
ustin, Austin, 
cow, ID, USA
u/~neptune  
culoskeletal m
ipeline (Mu
-body segme
 left legs, wi
nd toes. The 
aracterized th
transverse pla
ical equation
C). Foot-gro
stic element
bottom of eac
riven by 38 
eg that were 
lysis (i.e., th
omechanical 
rce-producing
gth-velocity, a
ength relation
odeled with 
[2].  
n of a comple
imization tha
of each mus
 the simul
ta (see below)
action force a
althy adults as
elt instrumen
were recorded
cnemius, vast
 head, semim
16-channel E
EMG and kin
z and 100 H
e low-pass f
signals were h
and low-pass
 Visual3D (C-
LE-BODY 
TX, USA 
 
odel was dev
sculoGraphics
nts representin
th each leg co
model had 2
e kinematic m
nes during hum
s-of-motion w
und contact w
s with coulo
h foot.   
Hill-type m
combined int
ose muscles 
function wer
 properties w
ctive force-le
ships. Musc
a nonlinea
te gait cycle w
t fine-tuned 
cle group su
ated and ex
 was minimize
nd muscle EM
 they walked f
ted treadmill (
 from the tib
us medialis, re
embranosus 
MG system
ematic data w
z, respectivel
iltered at 20
igh-pass filte
 filtered (4 H
motion, Inc.). 
eloped using 
, Inc.) and 
g the thorax, 
nsisting of a 
3 degrees-of-
otions of the 
an walking. 
ere derived 
as modeled 
mb friction 
usculotendon 
o 17 muscle 
with similar 
e combined 
ere governed 
ngth-velocity 
le activation 
r first-order 
as generated 
the muscle 
ch that the 
perimentally 
d.  
G data were 
or 30 seconds 
Tecmachine). 
ialis anterior, 
ctus femoris, 
and gluteus 
 (Konisburg 
ere collected 
y. Force and 
 and 6 Hz, 
red (40 Hz), 
z). All data 
  
Mu
To 
fron
we 
angu
rela
 
 
whe
mom
cent
each
forc
deco
exte
by i
 
RES
The
kine
norm
the 
4.5 
simu
The
to t
stud
to tr
plan
few
addu
biar
posi
tow
a le
con
rota
 
The
vast
con
mas
con
mas
gen
the 
grou
how
shou
reac
mas
 
In 
gast
mom
to p
scle Contribu
identify how i
tal and transv
quantified thei
lar momentu
tion: 
re ܪഥሶ  is the t
entum, ̅ݎ is 
er-of-pressure
 muscle and g
es determin
mposition tec
rnal moment 
ndividual mus
ULTS AND 
 walking sim
matic and gro
alized groun
experimental 
deg and 3.7
lation was re
 transverse pla
he frontal pl
ies (e.g., [3]).
ansverse plane
e angular mom
 muscle group
ctor magnus
ticular hamst
tive angular m
ards the contra
sser extent th
tributors to neg
te the body tow
se results wer
i, soleus, ga
tributors to the
s during walk
tributor to the 
s [4]. During
erated about t
body segmen
nd that gener
 a muscle con
ld be consis
tion forces an
s.  
contrast to o
rocnemius had
entum in late
rovide positiv
tions to Angu
ndividual mus
erse plane wh
r contribution
m over the g
ܪഥሶ ൌ ̅ݎ ൈ
ime rate of ch
the moment 
 to the body’
ravity’s contr
ed using 
hnique [2]. Th
generated abo
cles and gravit
DISCUSSION
ulation emula
und reaction f
d reaction forc
data with an a
% BW, resp
presentative o
ne angular mo
ane, which w
 Nearly all mu
 angular mom
entum was m
s (Fig. 1). The
 and gravity,
rings, were 
omentum (i.e
lateral leg) wh
e tensor fasc
ative angular 
ards the ipsila
e consistent w
strocnemius a
 body’s latera
ing, while the 
body’s medial
 normal wal
he body’s cen
ts and the int
ates an externa
tributes to wh
tent with its 
d how they ac
ur previous 
 opposite eff
 stance [1], bo
e frontal plane
lar Momentu
cles and grav
ole-body angu
s to the time r
ait cycle usin
ܨതீ ோி 
ange of who
arm vector fr
s center-of-ma
ibution to the 
a ground 
e ̅ݎ ൈ ܨതீ ோி ter
ut the body’s
y.  
 
ted well the 
orce data. All 
es were with
verage absolu
ectively, and
f normal walk
mentum was 
as consistent
scles had sma
entum. In con
uch larger and
 vasti, soleus
 and to a le
the primary 
., they acted to
ile the gluteu
iae latae, we
momentum (i
teral leg).  
ith a recent stu
nd gravity a
l acceleration 
gluteus mediu
 acceleration o
king, angular
ter-of-mass by
eraction of th
l moment on 
ole-body ang
contributions 
celerate the b
work showi
ects on sagitta
th muscles wo
 angular mom
m  
ity contribute 
lar momentum
ate of change 
g the followin
le-body angul
om each foot
ss, and ܨതீ ோி
ground reactio
reaction for
m represents th
 center-of-ma
group-average
joint angles an
in +/- 2 S.D. 
te difference 
 therefore th
ing mechanic
small compare
 with previou
ll contribution
trast, the front
 dominated by
, gastrocnemiu
sser extent th
contributors 
 rotate the bod
s medius, and 
re the prima
.e., they acted
dy showing th
re the prima
of the center-o
s is the prima
f the center-o
 momentum 
 movements 
e feet with th
the body. Thu
ular momentu
to the groun
ody’s center-o
ng soleus an
l plane angul
rked in synerg
entum. Gravi
to 
, 
of 
g 
ar 
’s 
is 
n 
ce 
e 
ss 
d 
d 
of 
of 
e 
s. 
d 
s 
s 
al 
 a 
s, 
e 
to 
y 
to 
ry 
to 
e 
ry 
f-
ry 
f-
is 
of 
e 
s, 
m 
d 
f-
d 
ar 
y 
ty 
was a
momen
primar
activity
and ot
during
 
 
 
Figure
whole-
vasti (
(HAM
(GMED
contral
during
 
CONC
These
in mai
plane d
target 
movem
 
ACKN
This w
conten
necess
 
REFE
1. Ne
20
2. Ne
3. He
4. Pa
lso found to 
tum through
ily by the glu
 is critical to
her muscles t
 walking.  
 1: Individua
body angular 
VAS), adduct
), gastrocnemi
), tensor fas
ateral leg mu
 their correspo
LUSIONS 
results highlig
ntaining and r
uring human
these muscle
ent stability.
OWLEDGEM
ork was supp
ts are solely th
arily represent
RENCES 
ptune, RR and
11. 
ptune, RR et a
rr, H and Pop
ndy, MG et al
generate posi
out stance, 
teus medius (
 counteract th
o restore and 
l muscle con
momentum (ܪ
or magnus (A
us (GAS), sol
ciae latae (TF
scles would h
nding stance p
ht the importa
estoring dyna
 walking. Thu
 groups may
ENTS 
orted by NIH
e responsibili
 the official vi
 McGowan, C
l., Gait Postu
ovic, M., J Exp
., J Biomech. 4
tive frontal p
which was 
Fig. 1). Thus, 
e contributio
maintain dyna
tributions to 
ሶ  about the y
M), biarticula
eus (SOL), gl
L) and gravi
ave opposite 
hase. 
nce of hip add
mic stability 
s, locomotor 
 be helpful 
 grant RO1 N
ty of the autho
ews of the NIH
P. J Biomech.
re. 19: 194-20
 Biol. 211: 46
3: 2055-2064
lane angular 
counteracted 
hip adductor 
ns of gravity
mic stability
frontal plane 
-axis) for the 
r hamstrings 
uteus medius 
ty. Note, the 
contributions 
uctor activity 
in the frontal 
therapies that 
in improving 
S55380. The 
rs and do not 
 or NINDS. 
 44: 6-12, 
5, 2004. 
7-81, 2008. 
, 2010.
